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tively 100% . An observable very sensitive to tt spin correlation is the azimuthal angle ∆φ between 23 the charged leptons. 24 Other observables can be defined when the tt system is fully reconstructed, the opening angle 25 φ between the two lepton momenta measured in the rest frames of their respective parent top quark 26 or antiquark is directly sensitive to spin correlations, as is the product of the cosines of the helicity 27 angles of the two leptons. 28 ATLAS [5] has measured ∆φ to extract A helicity = (N like − N unlike /N like + N unlike ), which is the 29 the spin correlation strength where N like (N unlike ) is the number of events where the top quark and 30 top antiquark spins are parallel (antiparallel) with respect to the spin quantization axis. This axis is 31 chosen to be that of the helicity basis, using the direction of flight of the top quark in the center-of-32 mass frame of the tt system. Second, to study a specific model that predicts zero spin correlation, a 33 search for supersymmetric (SUSY) top squark pair production is performed. 34 Figure 1 (left) shows the reconstructed ∆φ distribution for the sum of the three dilepton 35 channels. A binned log-likelihood fit is used to extract the spin correlation from the ∆φ dis-36 tribution in data. This is done by defining a coefficient f SM that measures the degree of spin 37 correlation relative to the SM prediction. The measured value of f SM for the combined fit is 38 1.20 ± 0.05 (stat) ± 0.13 (syst). It agrees with the SM prediction to within two standard devia-39 tions. 40 to top quarks and light neutralinos. Assuming 100% branching ratio for the decayt 1 → t χ 1 0 , and 42 the production of predominantly right-handed top quarks, top squark masses between the top quark 43 mass and 191 GeV are excluded at 95% C.L.
44
CMS [6] in addition to the inclusive measurements has determined the asymmetries differen-45 tially as a function of three variables describing the tt system in the laboratory frame: its invariant 46 mass M tt , rapidity y tt , and transverse momentum p T tt .
47
Figure 1 (right) shows the background-subtracted, unfolded, and normalized-to-unit-area an-48 gular distributions for the selected data events, along with the parton-level predictions obtained 49 with the MC@NLO event generator and from calculations at NLO in the strong and weak gauge 50 couplings for tt production, with and without spin correlations. The D0 [9] collaboration has also measured the top quark polarization in tt pair production 68 using the full Run II data sample corresponding to 9.7 fb −1 of integrated luminosity recorded with 69 the D0 detector considering the final state containing a lepton (electron or muon) and at least three 70 jets. The polarization is measured through the distribution of lepton angles. Three different axes 71 for the polarization measurement are considered: the beam axis, the helicity axis, and the axis 72 normal to the tt production plane. This is the first measurement of the transverse polarization of The LHC has a charge-symmetric, proton-proton, initial state and the top quark pairs are produced in gluon-gluon fusion and quark-antiquark annihilation processes. The valance quarks carry a larger fraction of the proton momentum which leads top quarks to be produced in forwardbackward direction and anti-top quarks centrally. This asymmetry can be expressed as a function of the top quark pair rapidities as:
where ∆|y| = |y t | − |yt|, or or by using the decay products of the top pairs as a function of the lepton TeV and abs(delta(abs(y))) <2, compared to the respective theory predictions. The uncertainty on the theory predictions is shown but is very small. The uncertainty on the theory predictions is shown but is very small.
(SS) dilepton, and three and four leptons. They were further splitted into categories depending on jet multiplicity, number of b-tagged jets and missing E T , optimised individually to increase 136 sensitivity. The production cross sections σ ttW and σ ttZ were determined simultaneously using a 137 binned maximum-likelihood fit over all regions and discriminant bins considered in the analysis.
138
For both processes, the precision of the measurement is dominated by statistical uncertainties. For 139 the ttW fit, the dominant systematic uncertainty source is the modeling of fake leptons and back- 4.8σ and 6.4σ over the background-only hypothesis for the ttW and ttZ processes, respectively.
151
All measurements are consistent with the NLO QCD theoretical calculations. 
